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(54) PROCESS AND APPARATUS FOR SUBSTRATE TREATMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a process and an 
apparatus for plasma substrate treatment which enable substrate 
treatment using atomic nitrogen N*. 

SOLUTION: In a treatment vessel, a plasma excitation region and a 
process region are formed by a control electrode. Using He as a 
plasma excitation gas in the plasma region, N2 gas is excited in He 
plasma to form atomic nitrogen N*. The atomic nitrogen N* is 
allowed to diffuse through the control electrode into the process 
region to perform substrate treatment. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is a substrate art by the substrate processor of a configuration of that the process space 
which contains a processed substrate in a processing container, and the plasma formation space where 
said processed substrate is not contained are separated with the control electrode. The process which 
supplies the gas containing helium and N2 into said processing container, and the process which forms the 
plasma in said plasma formation space on conditions by which atom-like nitrogen N* is excited in said 
plasma. The substrate processor according to claim 1 characterized by the process which nitrides a 
processed substrate front face by said atom-like nitrogen N*. 

[Claim 2] The process which excites said plasma is a substrate art according to claim 1 or 2 characterized 
by performing so that 23~25eV middle excitation state energy may be realized. 

[Claim 3] The process which forms said plasma is a substrate art according to claim 1 or 2 characterized 
by including the process which supplies microwave to said plasma formation space. 
[Claim 4] The process which supplies said microwave is a substrate art given [ among claims 1-3 
characterized by performing by driving a radial line slot antenna ] in any 1 term. 

[Claim 5] The process which forms said plasma is a substrate art according to claim 1 or 2 characterized 
by including the process which forms induction field in said plasma formation space. 
[Claim 6] The process which forms said induction field is a substrate processor according to claim 5 
characterized by including the process which drives the induction coil wound around said perimeter of a 
processing container with high-frequency power. 

[Claim 7] It is a substrate processor given [ among claims 1-6 characterized by grounding said control 
electrode at the process which excites said plasma ] in any 1 term. 

[Claim 8] A substrate processor given [ among claims 1-6 characterized by impressing negative potential 
to said control electrode at the process which forms said plasma ] in any 1 term. 

[Claim 9] The gas supplied into said processing container is a substrate processor given [ among claims 1- 
8 characterized by including 02 further ] in any 1 term. 

[Claim 10] The processing container equipped with the maintenance base which is formed with an outer 
wall and holds a processed substrate, The exhaust air system combined with said processing container, and 
the plasma gas feed zone which supplies plasma excitation gas and raw gas into said processing container, 
Between the micro aperture which met said processed substrate and was prepared on said processing 
container, and the processed substrate on said maintenance base and said plasma gas feed zone It is 
prepared so that said processed substrate may be met, and it consists of a control electrode which 
separates the plasma excitation space containing said microwave aperture, and the process space 
containing said processed substrate. Said control electrode the conductor which has two or more openings 
which pass the plasma formed in said processing container — the substrate processor characterized by 
consisting of a member and covering said control-electrode front face with the aluminum oxide or the 
conductive nitride. 

[Claim 11] Said control electrode is a substrate processor according to claim 10 which has a grid 
configuration and is characterized by being grounded. 

[Claim 1 2] It is the substrate processor according to claim 1 0 which said control electrode has a grid 
configuration and is characterized by said substrate processor including the negative voltage source 
connected to said control electrode. 



.[Claim 13] It is a substrate processor given [ among claims 10-12 characterized by covering the wall of 
said processing container with the insulating layer in said plasma excitation space ] in any 1 term. 
[Claim 14] A substrate processor given [ among claims 10-13 characterized by furthermore having the 
microwave antenna combined with said microwave aperture on the outside of said processing container ] in 
any 1 term. 

[Claim 15] The processing container equipped with the maintenance base which is formed with a quartz- 
glass wall and holds a processed substrate, The exhaust air system combined with said processing 
container, and the plasma gas feed zone which supplies plasma excitation gas and raw gas into said 
processing container, The control electrode which is prepared so that the processed substrate on said 
maintenance base may be met, and divides said interior of a processing container into the process space 
containing said processed substrate, and plasma excitation space, It consists of an induction coil prepared 
in said quartz-glass wall outside corresponding to said plasma excitation space. Said control electrode the 
conductor which has two or more openings which pass the plasma formed in said processing container — 
the substrate processor characterized by consisting of a member and covering said control-electrode front 
face with the aluminum oxide or the conductive nitride. 

[Claim 1 6] Said said quartz-glass wall is a substrate processor according to claim 1 5 characterized by 
forming between the dome-sky. 

[Claim 17] Said control electrode is a substrate processor according to claim 15 or 16 characterized by 
bfeing grounded. 

[Claim 18] Said control electrode is a substrate processor according to claim 15 or 16 characterized by 
connecting with a negative voltage source. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Generally this invention relates to plasma treatment equipment, especially relates 
to microwave plasma treatment equipment. 

[0002] A plasma treatment process and plasma treatment equipment are close to 0.1 micrometers called 
the so-called deep submicron component in recent years or a deep subquarter micron component, or are 
the overly indispensable technique for manufacture of a detailed-ized semiconductor device, and 
manufacture of the high resolution flat-surface display containing a liquid crystal display of having the gate 
length not more than it. 

[0003] Although the excitation method of more various plasma than before is used as plasma treatment 
equipment used for manufacture of a semiconductor device or a liquid crystal display, parallel monotonous 
mold high-frequency excitation plasma treatment equipment or inductive-coupling mold plasma treatment 
equipment is especially common. However, the plasma formation of plasma treatment equipment of these 
former is uneven, and since the field where electron density is high is limited, performing a uniform process 
over the whole processed substrate surface, big processing speed, i.e., throughput, has the difficult trouble. 
Especially this problem becomes serious when processing the substrate of a major diameter. And with the 
plasma treatment equipment of these former, since electron temperature is high, a damage arises in the 
semiconductor device formed on a processed substrate, and that the metal contamination by sputtering of 
a processing interior wall is large etc. has some essential problems. For this reason, it is becoming difficult 
to fill the severe demand to the further detailed-izing of a semiconductor device or a flat-surface display 
and improvement in the further productivity with conventional plasma treatment equipment. 
[0004] The microwave plasma treatment equipment using the high density plasma excited by microwave 
electric field on the other hand, without using a direct-current magnetic field conventionally is proposed. 
For example, microwave is emitted in a processing container from the plane antenna (radial line slot 
antenna) which has the slot of a large number arranged so that uniform microwave might be generated, and 
the plasma treatment equipment of a configuration of ionizing the gas in a vacuum housing by this 
microwave electric field, and exciting the plasma is proposed. For example, refer to the JP,9-63793,A 
official report It is possible to be able to realize a high plasma consistency over the large field directly 
under an antenna with the microwave plasma excited by such technique, and to perform uniform plasma 
treatment for a short time. And with the microwave plasma formed by this technique, in order to excite the 
plasma by microwave, electron temperature is low, and damage metallurgy group contamination of a 
processed substrate can be avoided. Since the still more uniform plasma also on a large area substrate can 
be excited easily, it can respond also to the production process of a semiconductor device and the 
manufacture of a large-scale flat-surface display using the diameter semi-conductor substrate of 
macrostomia easily. 
[0005] 

[Description of the Prior Art] Drawing 1 shows the rough configuration of conventional inductive-coupling 
mold plasma treatment equipment 1 . 

[0006] With reference to drawin g 1 , plasma treatment equipment 1 is equipped with the processing 
container 2 which consists of a quartz dome exhausted by exhaust air Rhine 2A, and the processed 
substrate 4 is held on the substrate maintenance base 3 which rotates by rotation device 3A in process 



- space 2B formed with said processing container 2. Furthermore, raw gas, such as inactive plasma 
excitation gas, such as Ar, oxygen, or nitrogen, is supplied to said process space 2B by raw gas supply line 
2C. Moreover, the coil 5 is wound around the outside upper part of said processing container 2, and high 
density plasma 2D is excited by the upper part of said process space 2B by driving said coil 5 by DC power 
supply. 

[0007] With the plasma treatment equipment 1 of d rawin g 1 , the radical of the raw gas formed in 
connection with this high density plasma 2D arrives at the front face of the processed substrate 4, and 
substrate processing of oxidation, nitriding, etc. is performed. 

[0008] However, with such conventional inductive-coupling mold plasma treatment equipment 1, 
concentration distribution of the radical which the field in which high density plasma 2D is formed is 
carrying out localization to the upper part of the processing container 2, therefore is formed in connection 
with the plasma becomes a remarkable uneven thing. Especially the ununiformity of the radical 
concentration to the direction of a path of a substrate is not canceled even if it rotates the substrate 
maintenance base 3 by rotation device 3A. 

[0009] For this reason, although the distance between the processed substrate 4 and the formation field of 
high density plasma 2D was detached with conventional inductive-coupling mold plasma treatment 
equipment 1 in order to realize the most uniform possible radical concentration distribution in said 
processed substrate 4 front face consequently, the problem whose amount of radicals which reaches the 
processed gas 4 the magnitude of the substrate processor 1 whole becomes large, or decreases had 
arisen. This problem becomes serious when it is going to process the diameter substrate of macrostomia 
especially in accordance with the flow of the latest technique. 

[0010] The microwave plasma treatment equipment using the high density plasma excited by microwave 
electric field on the other hand, without using an induction magnetic field conventionally is proposed. For 
example, microwave is emitted in a processing container from the plane antenna (radial line slot antenna) 
which has the slot of a large number arranged so that uniform microwave might be generated, and the 
plasma treatment equipment of a configuration of ionizing the gas in a vacuum housing by this microwave 
electric field, and exciting the plasma is proposed. For example, refer to the JP,9-63793,A official report. It 
is possible to be able to realize a high plasma consistency over the large field directly under an antenna 
with the microwave plasma excited by such technique, and to perform uniform plasma treatment for a short 
time. And with the microwave plasma formed by this technique, in order to excite the plasma by microwave, 
electron temperature is low, and damage metallurgy group contamination of a processed substrate can be 
avoided. Since the still more uniform plasma also on a large area substrate can be excited easily, it can 
respond also to the production process of a semiconductor device and the manufacture of a large-scale 
flat-surface display using the diameter semi-conductor substrate of macrostomia easily. 
[0011] Drawing 2 shows the configuration of the microwave plasma treatment equipment 10 using this 
radial line slot antenna which the artificer of this invention proposed previously. 

[0012] With reference to drawing 2 , microwave plasma treatment equipment 10 has the processing room 
1 1 exhausted from two or more exhaust air port 1 1a, and the maintenance base 13 holding the processed 
substrate 12 is formed all over said processing room 1 1. Since uniform exhaust air of said processing room 
1 1 is realized, space 1 1 A is formed in the perimeter of said maintenance base 13 in the shape of a ring, it is 
regular intervals like, namely, said processing room 1 1 can be exhausted to homogeneity through said 
space 1 1 A and exhaust air port 1 1a by [ which open said two or more exhaust air port 11a for free passage 
to said space 1 1 A ] forming in axial symmetry to a processed substrate. 

[0013] On said processing room 11, in the location which meets the processed substrate 12 on said 
maintenance base 13 as some outer walls of said processing room 11 It is formed through the seal ring 
which the tabular shower plate 14 which it consisted [ plate ] of low loss dielectrics, such as aluminum 203 
and Si02, and had much opening 14A formed does not illustrate, aluminum 203 is formed through another 
seal ring which the cover plate 15 which consists of low loss dielectrics, such as Si02, does not illustrate 
still as well as the outside of said shower plate 14. 

[0014] Gas-passageway 14B is formed in the top face at said shower plate 14, and each of two or more of 
said opening 14A is formed so that it may be open for free passage to said gas-passageway 14B. 
furthermore, inside said shower plate 14 Gas supply path 14C which is open for free passage to gas supply 
port 1 1 p prepared in the outer wall of said processing container 1 1 is formed. The plasma excitation gas 
supplied to said gas supply port 1 1p, such as Ar and Kr Said opening 14A is supplied through said supply 



- path 14C to said path 14B t and it is substantially emitted to process space 1 1B of said shower plate 14 
directly under of said processing container 1 1 interior by uniform concentration from said opening 1 4A. 
[0015] On said processing container 1 1, further, it estranges 4-5mm from said cover plate 15, and the 
radial line slot antenna 20 is formed on the outside of said cover plate 1 5. It connects with the external 
source of microwave (not shown) through the coaxial waveguide 21, and said radial line slot antenna 20 

. excites the plasma excitation gas emitted to said process space 1 1 B by the microwave from said source of 
microwave. It is stuck between said cover plate 15 and the radial plane of the radial line slot antenna 20, 
and the cooling block 19 which has cooling water path 19A is further established on said antenna 20 for 
cooling of an antenna. 

[0016] Said radial line slot antenna 20 consists of flat disk-like body 17 of an antenna connected to outside 
waveguide 21 A of said coaxial waveguide 21, and a radiation plate 16 which was formed in opening of said 
body 17 of an antenna and which had many slots formed, and the late phase plate 18 with which thickness 
consists of a fixed dielectric plate is inserted between said bodies 17 of an antenna and said radiation 
plates 16. 

[0017] In the radial line slot antenna 20 of this configuration, although the microwave to which electric 
power was supplied from said coaxial waveguide 21 advances between the body 17 of an antenna of the 
shape of said disk, and the radiation plates 1 6 with breadth to radial, wavelength is compressed by 
operation of said late phase plate 1 8 in that case, then, the wavelength of the microwave which does in this 
way and advances to radial — corresponding — said slot — concentric circular — and the plane wave 
which has a circularly-polarized wave can be substantially emitted in the perpendicular direction by forming 
so that it may intersect perpendicularly mutually at said radiation plate 1 6. 

[0018] The uniform high density plasma is formed in process space 1 1B of said shower plate 14 directly 
under by using this radial line slot antenna 20. Thus, the metal contamination which electron temperature is 
low, therefore a damage does not arise in the processed substrate 12, and originates in sputtering of the 
container wall of the processing container 1 1 does not produce the formed high density plasma. 
[0019] Then, by supplying the mixed gas of 02 gas, NH3 gas or N2 gas, and H2 gas other than plasma 
excitation gas, such as Ar and Kr, to said gas installation port 1 1p as raw gas in the substrate processor 10 
of drawing 2 It becomes possible by active species', such as atom-like oxygen 0*'s or nitriding hydrogen 
radical NH*'s, being excited by said high density plasma, and using this active species into said process 
space 1 1B, oxidation treatment, nitriding treatment, or to carry out acid nitriding treatment about 
processed substrate 12 front face. 

[0020] Moreover, raw gas path 31 A which is open for free passage in the substrate processor 10 of 
drawin g 2 to raw gas installation port 1 1 r formed in processing container 1 front face at the lower part of 
said shower plate 14 as shown in drawing 3 , Substrate processor 1 0A of a configuration of having formed 
another lower-berth shower plate 31 which has big opening which passes the raw gas radical which was 
equipped with raw gas installation nozzle opening 31 B of a large number which are open for free passage to 
said raw gas path 31 A, and was formed in said space 1 1B is proposed. 

[0021] It becomes possible to prevent that microwave invades into process space 11C by another process 
space 1 1C's being formed by the lower part of said lower-berth shower plate 31, and constituting 
especially the lower-berth shower plate 31 from substrate processor 10A of drawing 3 with conductors, 
such as stainless steel by which passive state processing of the front face was carried out with the 
aluminum oxide (aluminum 203). Then, it is limited to space 1 1B of upper case shower plate 14 directly 
under, and radical K* or Ar* of Kr or Ar excited in said space 1 1 B passes big opening in said shower plate 
31 to said process space 1 1C, and invades into it, and excitation of the plasma activates the raw gas 
emitted from said nozzle opening 31 B. Processing of the processed substrate 12 is made by the raw gas 
radical activated by doing in this way. 

[0022] In substrate processor 10A of drawing 3 , by constituting said lower-berth shower plate 31 with a 
conductor, microwave is eliminated from said process space 1 1C, and damage by the microwave of a 
processed substrate is avoided. 

[0023] In substrate processor 10A of drawing 3 , it is possible by introducing CVD material gas from said 
lower-berth shower plate 31 to perform a plasma-CVD process. Moreover, it is also possible by introducing 
dry etching gas and impressing high frequency bias to said maintenance base 13 from said lower-berth 
shower plate 31, to perform a dry etching process. 
[0024] 



tProblem(s) to be Solved by the Invention] Thus, in drawing 2 or the substrate processor of drawin g 3 , in 
performing oxidation treatment, it excites Kr radical (Kr*) of the middle excitation state of about 10eV 

♦ energy by introducing Kr gas and oxygen gas into process space 11B. Excited Kr radical excites atom-like 
oxygen O* efficiently according to reaction 02 ->0*+0*, and excited atom-like oxygen O* oxidizes the 
front face of the processed substrate 12. 

* [0025] On the other hand, in performing nitriding treatment of the processed substrate 1 2, it introduces Kr 
gas, ammonia gas or Kr gas, nitrogen gas, and hydrogen gas. In this case, nitriding hydrogen radical NH* is 
excited by excited Kr radical (Kr*) or Ar radical (Ar*) according to reaction NH3 ->NH*+2H*+e- or 
reaction N2+H2 ->NH*+NH*, and the nitriding treatment of the processed substrate 12 is made by it using 
this nitriding hydrogen radical NH*. 

[0026] It may be more desirable for the nitriding reaction force to, use the atom-like nitrogen (N*) which 
does not contain hydrogen strongly on the other hand in the case of the nitriding treatment of a processed 
substrate. Although atom-like nitrogen N* is formed of reaction N2 ->N*+N*, it is thought that no less 
than 23-25eV energy is required for it in that case. Since the energy of Kr radical which is obtained in the 
case of Kr or Ar plasma, or Ar radical is about at most 10eV as stated also in advance, it cannot excite 
atom-like nitrogen N* according to the above-mentioned reaction. 

[0027] Even if it supplies nitrogen gas with Kr gas or Ar gas in drawing 2 or the substrate processor of 
drawing 3 , reaction N2 ->N2++e- will only be obtained and desired atom-like nitrogen N* will not be 
excited. 

[0028] Drawing 4 shows relation with the excitation energy of the density of states of Kr plasma, atom-like 
nitrogen N*, nitriding hydrogen radical NH*, and nitrogen ion N2+. 

[0029] With reference to drawing 4 , while it is large in low energy and energy increases, it turns out that 
the density of states of Kr plasma decreases quickly. With such plasma, a desired nitrogen radical cannot 
be excited efficiently. 

[0030] Then, let it be a general technical problem for this invention to offer the new and useful substrate 
processor which solved the above-mentioned technical problem. 

[0031] The more concrete technical problem of this invention is to offer the substrate processor which can 

generate nitrogen radical N* efficiently. 

[0032] 

[Means for Solving the Problem] This invention is set in a processing container, as the above-mentioned 
technical problem was indicated to claim 1. It is a substrate art by the substrate processor of a 
configuration of that the process space containing a processed substrate and the plasma formation space 
where said processed substrate is not contained are separated with the control electrode. The process 
which supplies the gas containing helium and N2 into said processing container, and the process which 
forms the plasma in said plasma formation space on conditions by which atom-like nitrogen N* is excited in 
said plasma. As the process which nitrides a processed substrate front face by said atom-like nitrogen N* 
was indicated to the substrate processor according to claim 1 by which it is characterized, or claim 2, the 
process which excites said plasma By the substrate art according to claim 1 or 2 characterized by 
performing so that 23-25eV middle excitation state energy may be realized As indicated to claim 3, or the 
process which forms said plasma By the substrate art according to claim 1 or 2 characterized by including 
the process which supplies microwave to said plasma formation space As indicated to claim 4, or the 
process which supplies said microwave By the substrate art given in any 1 term among claims 1-3 
characterized by performing by driving a radial line slot antenna As indicated to claim 5, or the process 
which forms said plasma By the substrate art according to claim 1 or 2 characterized by including the 
process which forms induction field in said plasma formation space As indicated to claim 6, or the process 
which forms said induction field With the substrate processor according to claim 5 characterized by 
including the process which drives the induction coil wound around said perimeter of a processing 
container with high-frequency power or as indicated to claim 7, at the process which excites said plasma 
As indicated to the substrate processor given in any 1 term, or claim 8 among claims 1-6 characterized by 
grounding said control electrode, at the process which forms said plasma With a substrate processor given 
in any 1 term among claims 1-6 characterized by impressing negative potential to said control electrode As 
indicated to claim 9, or the gas supplied into said processing container With a substrate processor given in 
any 1 term among claims 1-8 characterized by furthermore including 02 Or the processing container 
equipped with the maintenance base which is formed with an outer wall and holds a processed substrate as 



indicated to claim 10, The exhaust air system combined with said processing container, and the plasma gas 
feed zone which supplies plasma excitation gas and raw gas into said processing container, Between the 
, micro aperture which met said processed substrate and was prepared on said processing container, and 
the processed substrate on said maintenance base and said plasma gas feed zone It is prepared so that 
said processed substrate may be met, and it consists of a control electrode whjch separates the plasma 
excitation space containing said microwave aperture, and the process space containing said processed 
substrate. Said control electrode the conductor which has two or more openings which pass the plasma 
formed in said processing container — it consists of a member and said control-electrode front face with 
the substrate processor characterized by being covered with the aluminum oxide or the conductive nitride 
As indicated to claim 11, with or the substrate processor according to claim 10 characterized by for said 
control electrode having a grid configuration and grounding it With or the substrate processor according to 
claim 10 characterized by for said control electrode having a grid configuration and said substrate 
processor including the negative voltage source connected to said control electrode as indicated to claim 
12 Or as indicated to claim 13, it sets to said plasma excitation space. With a substrate processor given in 
any 1 term among claims 10-12 characterized by covering the wall of said processing container with 
****** With or a substrate processor given in any 1 term among claims 10-13 characterized by having 
further the microwave antenna combined with said microwave aperture on the outside of said processing 
container as indicated to claim 14 Or the processing container equipped with the maintenance base which 
is formed with a quartz-glass wall and holds a processed substrate as indicated to claim 15, The exhaust 
air system combined with said processing container, and the plasma gas feed zone which supplies plasma 
excitation gas and raw gas into said processing container, The control electrode which is prepared so that 
the processed substrate on said maintenance base may be met, and divides said interior of a processing 
container into the process space containing said processed substrate, and plasma excitation space, It 
consists of an induction coil prepared in said quartz-glass wall outside corresponding to said plasma 
excitation space. Said control electrode the conductor which has two or more openings which pass the 
plasma formed in said processing container — it consists of a member and said control-electrode front 
face with the substrate processor characterized by being covered with the aluminum oxide or the 
conductive nitride As indicated to claim 16, with or the substrate processor according to claim 15 
characterized by said said quartz-glass wall forming between the dome-sky As indicated to claim 1 7, with 
or the substrate processor according to claim 15 or 16 characterized by grounding said control electrode 
Or as indicated to claim 18, said control electrode is solved with the substrate processor according to 
claim 15 or 16 characterized by connecting with a negative voltage source. 
[0033] 

[Embodiment of the Invention] [1st example] drawing 5 shows the configuration of the substrate processor 

100 by the 1st example of this invention. However, the same reference mark is given to the part 

corresponding to the part explained previously among drawing 5 , and explanation is omitted. 

[0034] With reference to drawing 5 , the processing container 1 1 is equipped with the shower plate 1 4 

through seal 11s, and it is equipped with said cover plate 15 through seal 1 1t on said shower plate 14. 

Moreover, it is equipped with said radial line slot antenna 20 through seal 1 1 u on said processing container 

11. 

[0035] Furthermore, with the substrate processor 100 of drawing 5 , the interface between said radiation 
plates 1 6 and cover plates 1 5 is exhausted through exhaust air port 1 1 G which are open for free passage 
to 1 1g of circular sulci and this which were formed in the field which engages with said radiation plate of 
the upper part of said processing container 11, and helium gas of 0.8 atmospheric-pressure extent is 
further introduced into said interface as a heating medium after that. Introduced helium gas is enclosed 
with said interface by closing bulb 11V. 

[0036] In the substrate processor 100 of drawing 5 , the lower shower plate 31 currently used by substrate 
processor 10A of drawing 3 is removed, and the control electrode 131 which consists of a conductive 
member of the shape of a grid instead shown in drawing 6 is formed so that said plasma excitation space 
1 1 B and process space 11C may be separated. 

[0037] The plasma which much openings 132 of the size which the radical excited in plasma excitation 
space 1 1B can pass freely are formed in said grid-like control electrode 131 with reference to drawing 6 , 
therefore was excited in said plasma excitation space 1 1B is freely diffused to process space 1 1C through 
said control electrode 131. 



[0038] With the configuration of drawing 5 , it is reflected by said grid-like control electrode 131 also in the 
condition that the plasma is not formed in said plasma excitation space 1 1B, and the microwave which said 

_ grid-like control electrode 131 is grounded, consequently was introduced into said plasma excitation space 
1 1B from said radial line slot antenna 20 does not invade into process space 11C. Therefore, the 
processed substrate 1 2 does not produce the problem damaged by microwave in the substrate processor 

" 100 of drawin g 5 . 

[0039] Although said grid-like control electrode 131 can be formed by W, Ti, etc., it is possible by forming 
the conductive nitride, for example, layer 131a of WN or TiN, in the front face to raise the resistance over 
a plasma exposure. Moreover, this grid-like control electrode 131 may be formed with quartz glass, and 
conductive nitride layer 131a may be formed in a front face. Furthermore, in the substrate processor 100, 
the side-attachment-wall side of the processing container 11 is covered by quartz liner 11D in plasma 
excitation space 1 1 B. 

[0040] In the substrate processor 100 of drawing 5 , helium gas and N2 gas are introduced into said raw 
gas installation port 1 1 p, and about 28GHz microwave is supplied to said radial line slot antenna. Process 
** in the processing container 1 1 is typically set as the range of 66.5-266Pa (0.5 - 2Torr), and the nitriding 
treatment or acid nitriding treatment of the processed substrate 12 is performed in a 200-500-degree C 
temperature requirement. 

[0041] Drawing 7 shows the density of states of the plasma excited at the time of using helium as plasma 
gas in the substrate processor 100 of drawing 5 . 

[0042] With reference to drawing 7 , excited helium radical helium* is greatly accelerated by microwave 
electric field by using helium with a small collision cross-section as plasma gas. Consequently, it turns out 
that plasma energy increases greatly and sufficient energy to excite atom-like nitrogen N* is acquired. On 
the other hand, when Kr is being used as plasma gas, it turns out that the excitation efficiency of nitriding 
hydrogen radical NH* currently excited efficiently or nitrogen ion N2+ is reduced greatly. 
[0043] So, in this invention, efficient excitation of atom-like nitrogen N* is realized in 23-25eV high plasma 
energy by using helium as plasma gas in the substrate processor 100. On the other hand, in order to 
control that the electron temperature in the plasma becomes high too much, in this invention, about 28GHz 
or the microwave generation source 22 of the frequency beyond it higher than the microwave proposed 
previously is used, and the radial line slot antenna 20 is driven by the microwave generated by the 
microwave generation source 22. As a frequency of microwave ******, frequencies, such as about 2.4GHz 
and 8.3 etc.GHz, may be chosen. By furthermore separating plasma excitation space 1 1 B and process 
space 11C with a control electrode 131, the electron temperature and plasma energy in process space are 
reduced to the suitable level for substrate processing. 

[0044] As especially explained to the front face of said control electrode 131 previously, when the 
aluminum203 passive-state film forms the conductive nitride, a control electrode is effectively protected 
to the high energy plasma. Moreover, sputtering of processing container 1 1 wall by the high energy plasma 
and the problem of contamination of the substrate accompanying this are avoided by covering the wall of 
the processing container 1 1 by quartz liner 1 1 D in plasma excitation field 1 1 B. 

[0045] Drawin g 8 shows the configuration of substrate processor 1 00A depended on the example of a 
complete-change form of this example. 

[0046] With reference to drawin g 8 , by substrate processor 100A, the control electrode 31 is insulated 
from the processing container 1 1 by insulator layer 31 A, and negative voltage source 31 B is connected. 
[0047] According to the configuration of drawing 8 , by controlling the potential of said control electrode 31 
to suitable negative potential, it becomes possible to supplement with nitrogen ion N2+ which has the 
positive charge excited in said plasma excitation space 1 1B, and it is avoided that nitrogen ion N2+ invades 
into process space 11C. 

[0048] In the substrate processor 100 of this example, or 100A, it is also possible by supplying helium gas, 
N2 gas, and 02 gas to said plasma gas supply-port 1 1p to perform acid nitriding treatment of said 
processed substrate 1 2. 

[2nd example] drawing 9 shows the configuration of the substrate processor 200 by the 2nd example of 
this invention. However, the same reference mark is given to the part corresponding to the part explained 
previously among drawing 9 , and explanation is omitted. 

[0049] With reference to drawing 9 , by this example, the shower plate 14 is removed, instead two or more 
raw gas inlet 1 1 P are formed in said processing container 1 1 to the processed substrate 12 at the 



' abbreviation symmetry target. Consequently, in this example, the cover plate 15 which constitutes a 
dielectric window is exposed in the upper part of said plasma excitation space 1 1B. Moreover, in said 
. plasma excitation space 11B, the processing container side attachment wall is covered with quartz liner 
1 1 D like the previous example. 

[0050] According to this example, it is possible by simplifying the configuration of the substrate processor 
* 11, being efficient at cheap costs, supplying helium gas and N2 gas to said plasma gas supply-port 1 1p, and 
supplying about 28GHz microwave to said radial line slot antenna 20 to perform nitriding treatment of the 
processed substrate 12 using atom-like nitrogen N*. Moreover, it is possible by supplying helium gas, N2 
gas, and 02 gas to said plasma gas supply-port 1 1p to perform acid nitriding treatment of the processed 
substrate 12. 

[3rd example] drawing 10 shows the configuration of the substrate processor 300 by the 3rd example of 
this invention. However, the same reference mark is given to the part corresponding to the part explained 
previously among drawing 10 , and explanation is omitted. 

[0051] Although it has the substrate processor 1 which explained the substrate processor 300 by drawing 
i previously with reference to drawing 10 , and a similar configuration, the previous control electrode 31 
and the same control electrode 6 are formed into the quartz processing container 2, and it is separated 
into plasma excitation space 2B1 by which high density plasma 2D is excited for the space in said 
processing container 2, and process space 2B2 containing the processed substrate 4 by the control 
electrode 6. 

[0052] In this example, helium gas and N2 gas are introduced into said plasma excitation space 2B1 from 
said raw gas supply line 2C, and high density plasma 2D which has a high electron temperature and plasma 
energy which excite atom-like nitrogen N* in said plasma excitation space 2B1 is formed. 
[0053] Thus, formed atom-like nitrogen N* is diffused in process space 2C through said control electrode 
6, and nitrides the front face of the processed substrate 4. Even if the electron temperature and energy of 
the plasma are very high in said plasma excitation space 2B1 also in this configuration, it falls to suitable 
level to process the processed substrate 4 in said process space 2B2. 

[0054] Also in this example, by controlling the potential of said control electrode 6 by voltage source 6A, 
the cation of low energy, such as N2+ produced in said plasma excitation space 2B1, is captured, and it 
becomes possible to eliminate from process space 2B2. Moreover, it becomes possible by controlling the 
potential of said control electrode 6 to control the condition of high density plasma 2D in said plasma 
excitation space 2B1. 

[0055] In the substrate processor 200 of this example, it is also possible by introducing helium gas, N2 gas, 
and 02 gas from said raw gas supply line 2C to perform acid nitriding treatment of a substrate 4 in said 
process space 2B2. 

[0056] As mentioned above, although this invention was explained about the desirable example, various 
deformation and modification are possible for this invention in the summary which it is not limited to this 
specific example and indicated to the claim. 
[0057] 

[Effect of the Invention] By using helium as plasma excitation gas according to this invention, it is possible 
to form the plasma which has sufficient high energy to excite atom-like nitrogen N* into a substrate 
processor, and it becomes possible to carry out nitriding treatment of the processed substrate efficiently 
by using atom-like nitrogen N* excited by doing in this way. In that case, by separating the plasma 
excitation space in which the high density plasma is formed with a control electrode from the process 
space where a processed substrate is contained, it becomes possible to reduce the plasma energy in 
process space to the suitable level for substrate processing, and it becomes possible to carry out the trap 
of the cation formed in plasma excitation space. When applying this invention to the substrate processor 
using the microwave excitation plasma, it can avoid that plasma energy becomes excessive by performing 
plasma excitation by the microwave of the frequency beyond about 28GHz or it. 
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^ffitc^mia^Entti s <i * c «t *«f® i -r i 
~ 6 © s <3 . t^-rti^— ^iais©ss«yffi^gtc «t o . 
*/c«if^9{ciei£L/^iJ:^(c. B?ia*asssif«c^ 

^1 ~ 8 © 5 *> . c> -rn*>-3iia8©»«*29i£EK: 

.to. SfcliiiJja® l o«:iaigUfc«J:^K:. ^«:«t») 
so Si. mlia^SSSK:^ § nfcgfSU^ t . Mianass 
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tc ? r> a * *s j: vmmtf*. * «*s-r *> 
Xv^mt&BPi. iuieto^S±tc > b« taigas® 

tmzti-a,>z>ttzftWif?zm*mi ota 
.tscc. Biftaswwmgc^FJ&iKfcWU t-riastSMa 
tm. t-r i o iaj£©e«a*agsgK: £ <o . * /c 

t>-sc<t?ri$ait-r2»»3j?^i o~i 2©5?s. i^-rft 20 
— jneisosfisttsu^gtc j; 0 . * tdtm^m 1 4 

Pj&£tc*§£ L ft: v ^ ? a &y > ^ £W-r -5 C <b 

*4#st t stf*^ 10-1305%, t>-rft*>— 3tia 

<ktf^#X£#MaT£7'7Xv;tfX#tJ&SP,!:. ffifBfiS 
a&g?3Si$£. B?IBtS45aS«*#t?^a-bx^<b^ 

Srt s utc y =7 x v %m m s ■sis^to^pgp* 

tciBiSO/cJr^Cc, I5IBI9IB5^^5XM«K-A±^ 

mmmic ± 0 . 1 7 (ciB«ofc«k 5 m 

mmmmimmftx^zz t&#wi£*z>n#m 1 
5 $ /c« 1 6 fatsosgtea^sccfc 0 . * fc{ifft3jc« 
1 stciBKu/ct^w:. m$z®m&mimmE.Micmi& 

Ztixmttt:ftWL£lri,m*.mi 5*/clil 6iB«S 
CO 03 3] 

SB 1 HJfcWcJ: SSSJt&agg 1 0 0 <D«Jj££mT. fc 
ft!L05tti. 5fe{cgiWbfcSP»«<:*Ho-r4g|J^«:«l5— so 
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[0 03 4] 05£#MT&Kl. C-^U- h 1 4 

s/cBiriB^/^-^u- k i siiitria^+^-^u- 

H4±Ki/-;H 1 t«r/M/-C^#Sn-r«,»S. ^/c 
ffiU7i?T)V : 7'i^z.n-j f-T>f-^-2 0«filBtoaS 
gl 1±K. ->-JH lu4/M/tgfStit04. 

[0035] 5 ©SS^aSIS 1 0 0 XitmSi 

mt® \ 6i*^-^U- h 1 5 <t©FS©l?Ea^ fria 

saasgi i©±§u©. mumm&ttf&rzmmicm 
i iG*ftLxmm.2ti> seecBuiBifEKU. 

0. 8^JHMS[©He*fX^ LXm\2tl 

i c tt?t(riBl?ffi«:i* A3 ft*. 

[0 03 6] 05©g«$5a^gl 0 0-Ctt. H3©S 
Stea^g 1 0 A-C{£*DftTl>/cTS5->+ h 
3 1 *ii(*3 ft. ttft 0 «C0 6 (C7jVrt&^tK©&S14SB 

*t«t o*-s*fl®ms i 3 i a*. fifria^xvfijjfa^iH 1 

lBi-7-a-bX^rai 1 Ci«rPB"C*J:5CC^tS3ft 

[ 0 0 3 7 ] 0 6 =&#M-r-£»{C. WIB^tt$lIffll^@ 1 
3 1 {CB^^X^JS&ti^ ! j B(t*j<,>-cra*§3ft;fc-7 

^RX3ftr*JD. ^oT. frfBT'^X-v'IgiS^ 1 IB 
Kfe^tae^ft/c^^X-et*. miiBSiJ®mgl 3 1* 

mix^v-kxgffli i c^.iefi{ci£i4-rs„ 
[ o o 3 8 ] m 5 (omjsxizmim^vfflwmm 1 3 1 

ttStfcSftT***). *<D&3lk> BalB'7^T^7^>XO 

f hr>^^-2 oA^Huie^x-^ia^rai 1 B«.m 

A2titc-?-ii>nmz. Buiay^XvSd^a^i 1BK 

yvxrr&mf&zftx^te^v^tete^xkmz&frf-w 
mmm&i 3 1 {ctossisft. ^o-fex^iai ic* 
tcftA-r^citt^w^ «£o-r. «Ma««i2*iv-Y 
?a$uc£>omm-rzwmis. H5©s«MaKgio 

O-CttSfeD^cU. 

[0039] BiriatSiF-TOJ^g 1 3 1 (iw^T i & tc 

A«WN4>T i N<DM 13 1a 4JKfi£l/-C*J< C iiCj; 
•3. ^XvRSW^-r-Slitt^lfiliS-a-iCliAioI^ 
-C4>*. ZtcfrfrZt&'f-WmWn&l 3 1*535**7X 
tCfcOJgfiRU, «®«:^14M{b«5lg 1 3 1 a^fiKL 

rt.tc>„ »«ftia$ia 1 0 o-ctt. ^7X7 

JBjIi^a 1 1 BKfcl^-c&aSS 1 1 ©ffidigffi*53l5 
Ai- 1 1 D(cJ:«3So-Ct»*. 

[0040] is ©gsa&agg 1 0 ot», itria^a 

if^mx^-bl 1 ptCHe^/XtN.^Xi^AS 
ft. B«ie7^7^-7-r>XOf hT>f-^-tc«. *5j28 
GHz©-7^£>Oifc&se**S3ft.2>. WSlWKtti&aSg 
1 lrt<D^P-bXE46 6. 5-266Pa (0. 5~ 
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2To r r ) ©S5ffiCti35£U 2 0 0~5 0 0-C©Sg 

ssHtcfc^-ctaa&sss 1 2©g{t#i&*>£i,>w:&g<t 

[OO41]07ii, 05©S«*5SISgl 0 OCC*Jt» 
T. X-7X-7#;*<!;l/-rHe£&o/tt§£©. JBjjgSft 

s x^ xvottt&se^-r. 

[0 04 2]|7?:#«itS«:. »5^»rffia©/h3^H 

ft£„ -£©*Sm. ^7X7i*;lf^f <iiA"U /Si 10 
^f-tfSSR N »=&®lfi-r -5. SC+#& <E> ft £ C 

fctffrfri. — K r %^7X7*-xt"l/TffiotO 
fc^tc^a < aes ft-Ct>fc^t*^7 ^ * JUN H 

ft#>£„ 

[0043] ^C-C. 100K 

3~2 5 eVOlSt^X^Xvx^l/^tCte^-tJSmKg 
&N*<D%)imrj:®&>S:MmirZ>. — ^, X7XV4J© 
S^t^;Wg<ftDT^£©&PiW^&*:«>. *»»T 20 
W3fcK:«3li$ft-Cl»Sv-r *a&«fc9 fciiSl*. ifo2 8G 
H z *£l>tt*ftjy±©JS«»©v.f »dtt^«2 2 
•?■< 9U$l¥S&M2 2KlJ;0^3ftfcv-f5' 
OtiCtiJ^T^-f^O? h T >f-X 2 0 £ggl& 
r*. vYfo«»ft3B©««*4 0r»3:. m. 4G 
Hz. 8. 3GHz&<fc*©Jgj£ifc£Stl?0-C<>«fct,>., 3 

etc^^xva^ra 1 1 Bixo-tzx^ra 1 ici* 

SUffllSffil 3 l{c«t»3^»-r4Ci{cJ:»). xn-fexffl 
S&c®^fcu^i'$^<&«3-tt&. 30 

[0044] wc. ttHMRHts i 3 i ommicfticm 

-ote< citcj:*). *0fflJ«ffittSx*.>i<4 r X-7X-7ic*f 

BfCfc^TjKypg&l 1 ©F*3££53t-7 ^ 1 1 D«C«fc 
OS^CitCtC. ^x^l/^X^XviCtSaaagg 
l l rtit©*^ 9 £ y > o'c ft«:f$ 5 ffl£©^& 

[0045)08 ittfmwv—za&WK. <t £g«&a 

^9100 A<Dt8l&£^-r. 40 

[0 04 6] igs^M-r-SK:, mnnm^mi ooa 

T«*ljfflimg3 1 Wt6«ai3 1 AK.£*))m®& 1 i *» 
6*&*S<?ft-c*jiD. fiftffijgi3 1 B ftT US. 

[ 0 0 4 7 ] m 8 ©tiUStC «fcft«. B5IBSfl®me 3 1 © 

•^Bi^ra 1 1 BfcfcUTSigSftfcaEmfirSrW - *'*^ 

N,**^tH2X^rai l C«:«A-f £©a*le|jS;*ftS. 

[0048] xfmwoMWtM&m. i o o 1 

00 AJCfcUT. BufBX^Xvtf^t&fStf- H 1 pCC 50 
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H e #X i N, #X <!: O, 2/X <b £tftf&-f & C i(C«t 0 . 

miia^sisfi i 2 ©KM<t«ia^f 5 c i fc^iffi-r* 

*&S$Sg2 0 0©flffi££nVf. 5fetclftW 

[0049] s9=sr#M-rscc. xmmmxitis +y - 
xu-m 4*sjt*$ft. -e©RftO<c. MfB^ass 
i itc. tts&assi 2cc*to-cBg*ti*iKKc. «»©*& 

"ttwr'ttifrfe"^"'^ x VfcjSgja T l b ©itSistcfcur . 

/c 5t©jiis^iisi«tc. friB^^xvae^gKH 1 b 
las^xi&Qmm&tiimvEZk? Ji-i 1 d 

ft"Cl>£. 

[oo5o] *jsss^{c .tfttf. s«*>uisse§ i i ©*» 
fiX#fSB8ft;*ft, &mKmmrmm&< . bitibx^x-7 

#X{»M&tf-h 1 1 p«CHe#X<!:N2;tfX 

b, ffriB7^r^-7'f>xn-y hT>f^2 0(c*>j2 8 
GH z -f*ni!S£eMSf St JiiwM*g3i 
N /c«*!LJI»« 1 2 ©g<b*5B£*f ^ C <fc *JpF 
I6-C*S. SufB^X"?^^*- HlpK 

H e *'X t N2**X <!: 02^/X t £{fc£-r S Ci i *) . 

1 2 ©g?^{tMa*tf ^ C ij&ipJtlt?**. 
[^3HSi^] 01 Ott. *^W©m3*SfeWlK:J:^S 

«*aa«g3 0 o©«fi£^-r. fc/ci/0i o*. 5tecc 

Uill! U/cgp^KStlE-r SS5^«c«l^— ©#M«^*ft 
[ 0 0 5 1 ] H 1 0 «r#I5-r'5(C. SgMS«g3 0 0 

liSfcccH l -r|ji?gLfcS««iffi^g l tmuotcm^ 
wr** j . 5^jfflsi?fS2ttJ{c$fe©sii0ififfi3 1 tmm 

2 rt©^ra*^ ssiee^^ xv 2 D«i@3 ft-s ^ - 

9 Xvig^ 2 B i<t1*MSg«4 *^tf Xn -fe 
H2 B2<ttC^g|3ft-2.. 

[0052] #5©6tflT?tt. BUlBX^Xv®e^pa2 B 
l^MfBMa^^fi»&7 >2 C<t 0 H e #X<b N,#X 
*5«A$ft> B?fBX^Xv®Sa^ra2 BltCfc^rM-? 
tKSE9R N *£J&!§-r S iSt ^T-iSSfc J; tfX 9 X v x * 
;U**£*-r*Sf&KX9Xv2 D*^fi£3fti. 

[0053] C©^^^^^^^*!/^^^^* 

am&fflw%& 6 * ii o x xn -b ^ggra 2 c «ci£» l . 

*SMfflS«4©^ffl ) &^{t-r.S. frtPZtfllS.lcis^X <b 

X5 x-7©m-?ss*j jc^x^^+'ttBSiBX^ x-^ae 
sra2B 1 K*ji>-r«^«ciii<rfc, UiBXn-fex^ 
pa 2 b, tcfc^-r «ns«iaa«4 ^arswtcs^ 
i^ovtxi&T-rz. 

[0054] ^Sftteffiecfeii'r . ftliSWtSi^e 6 ©m 

&*®ffiiS6A«:«fc»)*(ia)^"6Ci«:<fc«J > BfllBX^X 
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va^ra 2 B , ICto^Tg. Otc Nr a t'CDffix* 

*. 

[005 5] *SliSt^<Da«^S^g2 0 0 tt*J<,»-C. 
O.^Xi^A-TSCitcJ:*?. luie7"a-b^Sra2B J 

[0056] &Lh. *mi*& * i/i^ifttefiaicco^triji 

[0057] 

N *%fitfe*- S * X5 Xv 

v*JJgfiR $ ft S ^ X vj@jjg£|i8 *tt»IS«*s&S ft 

4^Btxai*6. sotumgtcfco^Sfr select 

^Xvai^gia-C^SftfciE^*>«rh^--'^ , r6 

ci*soite«:as. *^*-7^i»naaae 7 7Xv* 

£ft28GHz*Sl,> tt-€-ftJiUb©^ jfc&© v -f * Djg 
KiOtf 5c<b«:j:0. X3Xvx*;i>¥#&rt:ccfc& 30 

[Hfi©tt*tttt91] 

[HI] fefcOfSMS^ffl^9Xv«iW8«©««*5% 

-r0-e*£. 

[02] 5tfcsisgs n/cv 9 v$mwimm&<Dmf8. 
£^-r0r$>s. 

[03] 5fe(cSlfe3 ft/d3ij© v * Pjftg«*BIiSe© 

[ -b 4 ] 0 2 * a c>«0 3 © •? a 9 a WLmmwgm.v> 
[05] xmiom 1 suswk: j; 57 a 9 a&mm±m 
[ 0 6 ] 0 5 © •? a 9 nmwmm$m<D— afc&^-r 0 
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[07] 0 5©v-f *ai&a«e*aeSIE©7'7X-?f&|a 
t$14£?jVr0-C£>£„ 
[0 8 ] 0 5 (O-7-i 9 v&mfom££m.O- J gffM*n< 

[09] ^mom2mti&mK.j:6-7A9ur&mmm 
§£g©flij£*m-r0-c*s. 

[010] *^W©^3HifeW(CJ:?,if«*S^X7X 

1. 300 gHW&^SSSi&JIiSS 

2 C^teffiSS 

2 A SESUfc 

2B ^a-bx^ia 

2C ^Stf^agAtf- h 

2 D igSKX-5Xv 
3 

3 A [HllfctSra 
4 

5 mm^ a>\> 

1 0. 1 0 0, 1 00A. 20 0 v^oili^Xv 
1 1 

ha sun 

11 b ^^xvae^ra 

1 1 a J#£W<- I* 
1 1 p i]?MX-X-- V 
1 2 M^BISK 

13 mmim-s 

14,31 Ss + y-^U-h 

14 A papas 

1 4 C # *iiB8 

15 tu*-zf\s-Y 
1 6 ffltS^S 

1 7 T>f-^^ 

1 8 mm 

1 9 ftiUXtf v 9 

1 9 A &*P*jiSg 

2 0 7i^T^7^>XD f hT^^^- 

2 1. 2 1 A. 2 1 B |3]fllpj??gm 

3 1 A KMij9.m& 
3 1 B ^X;upiPg|J 

1 3 1 mmrnm 

13 1a gUtt^t^M 
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100A 
/iW^ 28GHz 




St 91 



[09] 



200 
//W 2* 28GHz 




&m 2003-183839 



[010] 

m 

2 




(72)^w« mm f&m 
(72)^* ¥0j mm 



F£-A(##) 4K028 BA02 BA05 BA21 BA22 

4K030 AA14 AA16 AA18 DA02 DA08 
FA01 HA06 KA08 KA17 KA19 
KA30 KA34 KA46 KA47 
5F045 AA20 AB40 Adl AC15 AC17 
BB09 BB14 BB16 DP03 EH02 
EH03 EH04 EH05 EH08 EH11 



